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INTRODUCTION

TheWorking Group was charged with eval uating thelife history characteristics and the genetic makeup of
Acropora popul ationsand how thesefactorsinfluence the success of these species, including their ability to
persist under varying environmenta conditionsand their ability to recover following abiotic or abiotic
disturbance. Thegroup wasa so charged with eval uating theimportance of these speciesin termsof
essential habitat for other species, reef construction and other factors. Finally, the group wasasked to
discussthe most appropriate conservation strategies to enhance recovery, based on the biology and ecology
of these species.

1. TheRoleof Acroporid CoralsasEssential Reef Habitat

Acroporid corasplay amgor rolewithin reefsof the Caribbean reef communitiesby providing the
geologicd, physca, and biologicd foundation for the devel opment of numerous shallow reef communities
(e.g., Adey, 1975; Hubbard et al ., 1994; Aronson and Precht, 1997). Their recent decline (up to 95%
mortdity at somelocations) withinthelast three decadeshashighlighted their critica ecological rolewithin
reefswherethey havehistorically supported avery productive reef community that dependson these
speciesdirectly for food and refuge (Table 1). Coring studies have documented the geol ogicimportance of
Acropora spp. asreef builders(e.g., Hubbard et al., 1994; Aronson et a., 2002). Thefast growth rates of
Acroporid speciesaswell astherapid accretion rates of Acropora-dominated reefshasallowed
populations of these corasto keep up with sealevel risethrough the Hol ocene (although popul ationswere
drowned and replaced by other coral speciesat many locations) (Gladfelter et al., 1978).

Theroleof Acroporidsasstructura (or foundation)* specieswithin reef communitieshasbeen well
documented. Lirman (1999) showed an association between the distribution of fish schoolscomposed
mainly of gruntsand snappersand Acropora palmata colonies. These schools, which oftenremaininthe
samel ocation for extended periods, utilize thetopography offered by the elkhorn branchesasdiurnal refuge.
Fish aggregationsnot only composed alarge portion of fish biomasson thereefssurveyed, but they could
also contributeto theflux of material sfrom surrounding vegetated areasto the reef through their daily
feedingmigrations(Meyer et a., 1983; Parrish, 1987). Theexcretory products of thesefish schoolscan
also contributeto the productivity of coralsand agaeinthe areasurrounding their refuge (Nel son, 1985;
Bray et d., 1986), and even stimulate coral growth by providing nitrogen supplements (Meyer and Shultz,
1985 a, b). Direct associations between Acroporid coralsand other reef fishes such asdamselfishes,
squirrelfish, glassy sweepers, and many othershave also been reported (e.g., Emery; 1973; Clarke, 1977;
Itzkowitz, 1977; Gladfelter and Gladfelter, 1978; Wal dner and Robertson, 1980; Meyer et al., 1983;
Meyer and Shultz, 1985a, b; Thompson et al., 1990; Williams, 1991, Clarke, 1996). Inaddition,
Acroporid corals provide essentia habitat (i.e., food, refuge, recruitment habitat) for turtles, lobsters, crabs,

ISpecies of large effect fall into two general categories: 1) structural or foundation species, which provide most
of the three-dimensional architecture in which other species find shelter and food; 2) keystone species, which by virtue of
their high rates of consumption and their generalized diets, exercise disproportionate control over the distributions,
population sizes, activities, and adaptive characteristics of many other species (Vermeij, 2001).
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echinoids, and gastropods. These documented rel ationships suggest clearly that changesin the extent and
composition of Acropora spp. populations can result in significant changesin associated reef fauna.

Resolution: The structural and ecological roles of Acroporid coralsin the Caribbean are unique
and can not be filled by other coral species. Their rapid accretion rates and structural
complexity are unmatched. The loss of these characterstics will likely result in a significant loss
of reef function and structure. At present, thereis no indication that any other Caribbean coral
species can replace the important role that Acroporid corals play within reef communities of the
region.

2. Disturbanceand Acroporid Populations

At therecent Acropora Workshop, membersof the biology and ecology working group discussed the
response of Acroporid coralsto multiplestressors. Based on published reportsand persona observations,
the patternsof susceptibility, resistance, and resilience of theseimportant coral speciesto stressare
summarizedin Table2. Withinthistable, both documented and potentia sourcesof disturbanceare
included to highlight the possibleimpact of future disturbance on therecovery of Acroporid corals, andto
indicate areaswhere active management practicescan play arolein mitigating theimpactsof stressors.

Resolution: Two sources of disturbance, diseases and storms, were identified as the main
contributors to the regional decline of Acropora spp. In addition, sources of mortality such as
chemical pollution and space competition from excavating sponges, were identified as “ emerging
issues’ where more research is needed to fully predict their impacts.

3. Coral Diseases

Thedrastic declinein the abundance and cover of Acroporidsinthe Caribbean dueto white-band disease
(WBD; apresumed bacteria infection specific to thisgroup) hasbeen documented by Gladfelter (1982),
Bythell and Sheppard (1993), and Aronson and Precht (2000, 2001). Unlike other sourcesof disturbance
with mainly localized impacts such ashurricanes, theimpactsof WBD on Acroporid corashave been
region-wide (reviewed by Aronson and Precht, 2000). Thisunprecedented decline haschanged the
structure of shalow coral reefsdramatically. Thereplacement of Acroporidsby other coral speciesand/or
macroa gae hasmodified historical reef zonation patterns once defined by the dominance of Acropora
palmata at shallow forereefs(0-5m) and A. cervicornisat intermediate depths (5-25 m) (Geister, 1977;
Adey, 1978; Aronson and Precht, 2000).

Resolution: White-band disease, which affects both Acropora palmata and A. cervicornis, is
believed to have been the principal cause of mortality in these species throughout the Caribbean
region in the past two decades.

4. Hurricanesand Tropical Storms

Theimpactsof hurricanesand tropical stormson Acroporid species have been summarized by
Harmelin-Vivien (1994), Lirman (1997), Aronson and Precht (2000), and others. Their branching
morphology and their ocation within shallow, wave-exposed areas of reefsmake Acroporidshighly
susceptibleto physical disturbance. Fragmentation and dislodgment of Acropora spp. werereported after
Hurricanes Hattie (Stoddart, 1963, 1965; Zeaet d., 1998), Edith (Glynn et a., 1964), Gerta(Highsmith et
al., 1980), Allen (Woodley et al., 1981), David and Frederic (Rogerset a., 1982), Hugo (Gladfelter,
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1991), Joan (Zeaet al., 1998), Gilbert (Kobluk and Lysenko, 1992; Jordan-Dahlgren and Rodriguez-
Martinez, 1998), and Andrew (Lirman and Fong, 1996, 1997), aswell asafter Tropical StormsBret (Van
Veghel and Hoetjes, 1995) and Gordon (Lirman and Fong, 1997).

Thedirect and indirect impactsof ssormson Acroporid popul ations can besignificant in termsof tissue
mortality, fragmentation, and colony disodgment. However, theability of Acropora spp. toform new
coloniesfrom fragments(e.g., Bowden-Kerby, 1997; Lirman, 2000), together with thereportedly low
success of sexual recruitment in thisspecies(Dustan, 1977; Bak and Engel, 1979; Hughes and Jackson,
1980, 1985; Rylaarsdam, 1983; Rosesmyth, 1984), suggest astrong connection between storm
disturbance and persistence of thisgroup.

Resolution: Acroporid corals may require a certain storm frequency to be able maintain and
expand populations through asexual recruitment when sexual recruitment is limited. However, a
frequent occurrence of storms, or a particularly intense hurricane may impact colony and
fragment survival.

5. Reproductive Char acteristicsof Acroporids
A. Sexual Reproduction

Cora coloniesexist asmodules (ramets) capable of surviving aloneor insmall groups. Thesumof all
rametsderived from asingle zygote congtitutesthe coral’ sgenet, which, unlike aclona organisms, canexist
asindependent unitsthat may experience diverse environmental conditions (Coatesand Jackson, 1985;
Heyward and Collins, 1985; Harper, 1985). Acropora palmata and A. cervicornisare broadcast
spawning hermaphroditeswith onereproductive cycle per year (Szmant, 1986; Steiner, 1995). Eggand
sperm bundlesarereleased into thewater column for externd fertilization. The positively buoyant gametes
float to the surfacewherethey can remain viablefor upto 8 hrs. Histologica work and nightly spawning
observationsindicatethat the predicted spawning timefor A. palmatais2-4 nightsafter thefull moonin
Aug/Sept while A. cervicornis spawning has been observed 2—7 daysafter thefull moonin July/August
(Steiner, 1995; Szmant, pers. obs.Vargas-Angel & Thomas 2002, pers. obs). However, Acropora spp.
appear to bemuch less predictablein their spawning activity than other well-studied groups (e.g.,
Montastraea spp.). For example, ahistological study by Jaap et al. (unpublished) of A. palmatainthe
late 70's-early 80's showed no gonad devel opment during 2 of the 5 yr study whileall other species
examined were consistent acrossyears. Also, no A. pal mata spawning was observed during the night 2-4
window inAug 2000in Key Largo, FL andin LaParguera, Puerto Rico (M. Miller and Szmant, pers.
obs.). InAug 2001, A. pal mata spawning was observed in the FloridaK eys but on night 5 after thefull
moon, onenight “late’ (M. Miller, pers. obs.).

A. palmata spawn has been successfully raised to settlement in laboratory and field enclosures (Szmant &
M. Miller, unpubl). Inthelaboratory, competence of planktonic larvae wasdocumented at 5 days.
Zooxanthellae, perhapstaken up from conditioned reef rubble offered as settlement substrate, were
observedinthetentaclesof theinitia settled polyps. However, the mechanism of zooxanthellaetransfer or
uptakeisunknown at present. Successful culturesfrom spawn to settlement weremade at Key Largo Dry
Rocks, Floridain 1996 and 1997 (Szmant, pers. comm.).

Resolution: For Acroporid corals, which exhibit reportedly sporadic or limited sexual
recruitment, asexual reproduction can play a major role in maintaining local populations.
However, as population abundance decreases or disturbance patterns increase to the point where
remaining coral populations are no longer able to survive and propagate by asexual means, the
relative importance of sexual reproduction and recruitment increases.
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Whilethe energeticinvestment in gamete production and rel easeis apparent, sexua recruitsof Acroporids
wereabsent, or present in very low numbers, in severa settlement studies, leading to thegeneraly
accepted conclusion that these speciesexhibit low levelsof sexua reproductive success(e.g., Dustan,
1977; Bak and Engel, 1979; Hughes and Jackson, 1980, 1985; Rylaarsdam, 1983; Rosesmyth, 1984;
Knowltonetal., 1990). Althoughthismay still betrue, researchersat the Acroporaworkshop believe
that the observed patternsof limited sexual recruitment successmay not represent necessarily alife-
history characteristic of thisgroup. Infact, it was concluded that the documented patternsmay bean
artifact of: 1) the methodsused in these studies(i.e., settlement tilesthat may not offer the appropriate
settlement substratefor Acroporids), 2) thetiming of most of these studies(i.e., after theonset of the
regional declineof Acroporidswhen adult densitiesweredrastically reduced), and 3) the duration of these
studies(i.e., never long enough to capture stochastic settlement events).

Resolution: Anecdotal evidence and observations made by reef researchers at several locations
throughout the region indicate that both A. palmata and A. cervicornis do indeed recruit
sexually onto reefs and that in several instances (e.g., Tague Bay Reef and other north shore
reefs of St. Croix, USVI, Gladfelter, pers. obs.) populations that have experienced major
declines (< 90%) are presently showing signs of recovery from newly settled sexual recruits.

B. Asexual reproduction

In contrast to thelimited information available on the patterns of sexua reproduction and recruitment for
Acroporid corasintheregion, patternsof asexual reproduction through fragmentation arewell
documented, and several consequencesof asexual reproduction have been suggested for corals (Table 3).
Theorganization of coral coloniesinto modulesalowsthe biomass of agenotypeto increase beyond the
mechanica limitsof individual coloniesby theformation of tissueisolatesand fragments (Jackson, 1977;
Hugheset d., 1992). When growth-ratesdeclinewith increasing colony size (e.g., Maragos, 1974;
Loya, 1976; Hughes and Jackson, 1985), fragmentation may hel p maintain high growth-ratesby
“pruning” colonies, creating new, smaller units. Thelarger size of fragmentscompared to sexualy
produced cora planulae may result in higher survivorship after recruitment (Jackson, 1977) and the
colonization of areasnot suitablefor larval devel opment, such as soft-bottom habitats (Highsmith, 1982;
Heyward and Collins, 1985). Within popul ationsthat experienced recent storms, A. palmata fragments
can comprisealarge percentage of rametsaswell ascover alarge percentage of the bottom (Highsmith,
1982; Lirman and Fong, 1997). Similarly, demographic studiesof A. cervicornis distributed ong the
coastal watersoff Fort Lauderdale, Floridarevea ed that fragments can comprise over 40% of the
staghorn coral population at the study sites(Thomaset ., 2000; Vargas, unpub. results).

Asexua propagation through fragmentation isoften concentrated in time and fragmentation fol lowed by
fragment stabilization can resultinarapidincreasein ramet abundanceand coral cover, leading to space
monopolization by fragmenting coral species(Lirman and Fong, 1997; Lirman 2000a). Unlike sexual
reproduction, whichishighly seasonal for Acropora palmataand A. cervicornis(Szmant, 1986),
fragmentation cantakeplaceyear-round. Similarly, successful asexua reproduction of coloniescantake
placeeven at low colony abundance and does not require multiple coloniesfor gamete concentration and
fertilization.

Despite these potential benefitsof fragmentation, there are negative consequences associated with this
processthat need to be considered (Table 3). Thefina outcome of fragmentation may beatotal increase
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inbiomassafter aperiod of growth (Clark and Edwards, 1995), but initial tissuelossesand thereduction
incolony size can produce negative consequences as colony sizein cnidarians hasbeen directly associated
with survivorship, growth, and reproduction (e.g., Connell, 1973; Loya, 1976; Highsmith, 1982; Jackson,
1985; Karlson, 1986, 1988; Hughesand Connell, 1987; Lasker, 1990; Babcock, 1991; Hugheset al.,
1992). Theimmediatetissuelossesafter fragmentation can besignificant. Fragment survivorshipis
influenced by thetype of substratumwherefragmentsland. InFlorida, fragmentsthat landed on top of
liveelkhorn coloniesfused to the underlying tissuerapidly and showed no signsof mortality. Incontrast,
fragmentsplaced on sand lost 58% of their tissue within thefirst month and 71% after four months
(Lirman, 2000a). Similarly, thesurvivorship of A. cervicornis fragmentsisstrongly determined by the
type of substratum and fragment size (Bowden-Kerby, 1997; Vargas, unp. results).

During fragmentation, skeletal lesionsareformed on both the fragments and the source colonies, and the
recovery of lesions has been shown to be aconsi derable energetic drain on the damaged colonies
(Meesters 1996, 1997). Furthermore, sincelinear growth can not resume until lesionsarerecovered and
axial polypsform, lesionscan aso reducethe growth rates of damaged colonies (Lirman, 2000b).
Similarly, the colonization of lesions by bioeroders can weaken coral colonies (Hernandez-Avilaet dl.,
1977; Mitchell-Tapping, 1983).

Severefragmentation, ascommonly observed after storms, may limit future sexual reproduction by
reducing the biomassof coloniesand shifting theenergy alocation of damaged col oniesfrom reproduction
to stabilization and regeneration (Van Veghel and Bak, 1994; Van Veghel and Hoetjes, 1995; Hall and
Hughes, 1996). Lirman (2000a) showed that hurricane-damaged A. palmata coloniesand fragmentson
Floridareefsdid not produce gametes until fiveyearsafter theinitia disturbance. Also, thesizeand
weight of fragmentsmay limit their dispersa range (Williams, 1975; Wulff, 1985; Jackson, 1986), dowing
therecovery of damaged areaswherethe cover of adult colonieshasbeen reduced significantly (Aronson
and Precht, 2001; Precht et al., 2002). 1nsuch cases, recovery will depend on the recruitment of sexual
propagul es produced in distant, undisturbed areas (Connell and Keough, 1985).

Resolution: The information available on patterns of asexual propagation has shown that,
under the right environmental conditions, fragmentation followed by fragment stabilization,
survivorship, and regrowth can provide an efficient mechanism for maintaining and expanding
Acroporid populations. However, while fragmentation followed by fragment stabilization and
growth may have been sufficient to maintain and expand Acroporid populationsin the past,
recent patterns of regional decline have increased the reliance of these species on sexual
recruitment as a means of establishing and sustaining populations. Accordingly, the regional
recovery of Acroporid populationswill depend largely on the future success of sexual
recruitment.

6. Genetic Statusof Acropora Populations
Acroporid populations showed asignificant Caribbean-wide decreasein the 1980s attributed, at leastin
part, to the epizootic white-band disease, adisease specificto thisgenus (Antonius 1981; Gladfelter

1982; Peters1993; Aronson and Precht, 2001). Moreover, the branching Acroporidsare especially
susceptibleto the physical damage caused by stormsthat haveresulted in significant additional 1osses
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(e.g., Woodley et a., 1981). Declinesof up to 95% attributed to these and other stressors have been
observed at locationsthroughout the region where A croporids were once the dominant on shallow reef
ZOnes.

Resolution: In light of the recent drastic decline of these critical structural (foundation) species,
it isimportant that we understand the influence of disturbances on the genetic composition and
genetic variability within and among Acroporid populations. Furthermore, faced with the
uncertainty about their recovery and long-term status it is important to determine whether these
disturbances have modified underlying genetic variability, favoring locally adapted, disturbance-
resistant populations. Thisinformation will be crucial to: 1) evaluate, based on present genetic
structure, the potential impact of future disturbances, and 2) determine, based on prior genetic
exchange, the recovery capability of local populations from remaining regional sources of
propagules. Similarly, information on the clonal structure of the populations will aid in the
decision making process on marine reserves and management plans by identifying specific
locations and populations at risk based on factors such as genetic isolation and genetic
structure.

Acropora spp. intheregion reproduce both sexually and asexually. Asexual reproduction, whichisa
common reproductive and propagative strategy inthisgroup (e.g., Tunnicliffe, 1981; Highsmith, 1982;
Lirman, 20004), leadsto the multiplication of agenotype and resultsin an assemblage of genetically
identical individuasor clones(Carvalho, 1994). Asexual reproduction per sehasno effect onalelicor
genotypic frequenciesin populations. It doesnot alow for genetic segregation and recombination,
however, and so preservesthe effects of selection, genetic drift, or founder effect on genetic diversity. In
addition, A. palmata and A. cervicornisreproduce sexually by releasing egg-sperm bundlesin the water
(broadcast spawning; Szmant, 1986; Steiner, 1995). The pelagic life stage providesthe opportunity for
long-distance transport of larvaewith the surface currents (Sheltema, 1977; Crisp, 1978).

The dominance of asexua reproduction combined with broadcast spawning may havesignificant
implications on the damage and recovery patternsof Acroporid populationsand hasled to aprediction of
smdll effective population sizeand low genotypic diversity within Acroporid populations. Asearly as1983,
Bak (1983) hypothesized that high asexual reproduction rates can lead to low genotypic diversity sothat
Acroporidsare more susceptible to disease compared to non-branching species.

Theeffective population size (i.e., the number of breeding individual s) reachesamaximumwhen all genets
contributeto the next generation. Acroporid populationsare expected to haveasmall effective population
szeif bothfertilization success of spawned gametesand therecruitment of larvaeare highly stochasticand
dependent upon loca conditions. By chance, only afew individuals might contribute alarge number of
offspring to the next generation (sweepstake effect; Hedgecock, 19944, b). Once coloniesbecomerare,
the distance between them might limit fertilization success (Allee effect) evenfurther. Thisisimportant for
already declining Acroporid popul ations because small effective population sizesarefar more proneto
extinction dueto demographic stochagticity, reductionin genediversity, or accumulation of deleterious
mutations (Grosberg and Cunningham 2000). The consequencesof asexual reproduction on genotypic
diversity depend largely onthefrequency of sexud recruitment and genet longevity. Empirical and

theoreti cal studieshave suggested that genotypic diversity at alocal scae might decrease over timethrough
elimination of genets by intraspecific competition or stochastic effects. Incontrast, genotypic diversity
might remain highif sexua recruits, however rare, have along life span after establishment (McFadden,
1997).
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Resolution: The scientific capability to assess the potential for recovery of Acropora spp.
populations by sexual propagation of surviving populationsis seriously impaired at present by
the general lack of knowledge of the different aspects of this process. Thiswas identified as a key
research area where efforts need to be allocated in the future to determine: 1) spatial and
temporal patterns of gamete formation and release, 2) size-stage thresholds for gamete
production, 3) within and among colony variability in gamete production, 4) fertilization
patterns, 5) transport and duration of larval stages, 6) larval survivorship patterns, 7) settlement
requirements and preferences of coral planulae, and 8) early survivorship and growth of sexual
recruits.

Inan early study to detect clonal identity with Acroporid populations, Neigel and Avise (1983) utilized self-
recognition analysesto show that: 1) A. cervicornisclonesdo not extend further than 20m, 2) oneclone
may dominateareasof 10m?, and 3) clonesaregeneraly spatialy discretewithtight boundaries. However,
the genetic basisof tissue compatibility has since been chalenged by studies showing fusion of
electrophoreticaly distinct ramets. Analysisof protein (allozyme) and DNA markersshow patternsfrom
dominantly asexua to dominantly sexual reproductioninthe Scleractinia. Evenwithinthesamespecies,
contrasting reproductive behavior over large geographical scalesisnot exceptiona (Harrisonand Wallace,
1990).

Thegenetic structure of A. palmata populationsiscurrently under investigation (Baums, in progress). Both
clona structureand reef connectivity will beestimated by combining highly variable, mendelian markers
(microsatel lites) with anested sampling approach on avariety of spatial scales. Genetic analyses conducted
by Vollmer and Palumbi (2002) clearly showsthat the three Caribbean Acropora compriseanatural
hybridization systemwith A. prolifera beingamorphologically variable, first generation hybrid of

A. palmata and A. cervicornis. Whilethe parent speciesA. cervicornis and A. palmata are genetically
distinct, rare backcrossing of A. proliferawith A. cervicornisallowsfor limited mitochondrial and nuclear
introgression (Vollmer and Palumbi, 2002). Asaresult, thegenomeof A. cervicornismay be sprinkled
with A. palmata genes. Animportant distinction for the statusand conservation of A. cervicornis isthat
thegenetic datashow it isadistinct speciesor genetic lineage, despiteitsintrogression. Oneavenueof their
on-going research isto assessthe potentia role of geneticintrogression ontherelativefitnessof

variousA. cervicornisgenotypes. Inaddition, with the genetic markersused for the hybridization work,
they area so characterizing levelsof genetic diversity and popul ation structure of A. cervicornisthroughout
the Caribbean. Preliminary datasuggeststhereispopulation structureamong islands, and potentially even
over small spatial scales(ca. 20kms), and varying degreesof genetic diversity withinlocal populations. In
Puerto Rico, for example, they arefinding surprisingly highlevelsof genetic diversity at somesites(ca. 1
genotype per 5m), while other sites appear to be dominated by asingleclone.

Resolution: The preliminary results highlighted here can have important conservation
implications — namely, each coral population should be considered individually and any
conservation strategy (esp. transplantation studies) should take into account preserving
‘meaningful genetic diversity’.
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Table 1. Contribution of Acroporid corals to the reef communities of the Caribbean region

*« REEF-BUILDING / FRAMEWORK CONSTRUCTION
*« CARBONATE DEPOSITION

*« TOPOGRAPHICAL RELIEF / COMPLEXITY

*« ESSENTIAL HABITAT FOR ASSOCIATED REEF SPECIES
*« PROTECTION FROM EROSION / WAVE ACTION

*« BIODIVERSITY

*« MICROHABITAT DIVERSITY

*« AESTHETICS

*« SCIENTIFIC VALUE

«« EDUCATIONAL VALUE

*« RECREATIONAL VALUE

*« COMMERCIAL VALUE

Table 2. Stressor-response characteristicsof Acroporid coralsinthe Caribbean. Theinformation
included in thistableisbased on published reportsand expert opinion recorded at the Caribbean
Acroporid Workshop, April 16-18, 2002, Miami. Whiletheinformation provided hereemphasizes
documented responses of Acroporid corasto stressors, it isrecognized that stressorsknown to affect
other coral speciesmay influence Acroporidsin similar fashion even when datato test thisare not
avallable. Similarly, while thedirect effectsof individua stressorsare emphasized here, itisrecognized
that many stressors haveindirect and synergistic effect pathwaysthat need to be considered. Lastly,
whiletheletha effectsof stressorsare emphasized here, it isrecognized that many of these stressors
commonly have sub-letha effectssuch asreduced cacification, growth, reduced reproductive output,
and reduced recruitment that can haveimportant consequences on thelong-term survivorship of these
species. Emergingissuesarerecognized as potentially important stressorsfor which limited informationis
availableand moreresearchisneeded. Susceptibility: High, Medium, Low; Effects: L ethal (wholecolony
mortdity), Partia (patchy tissuemortdity), Minimum; Spatial Extent: Regiond, Local; Resilience(i.e,
timerequired to recover fromimpacts): High, Medium, Low; Effect Pathway: Direct, Indirect
(mechanism). * Although bleaching iscommonly recognized asacoral responseto stress, itisincludedin
thislist duetothepotentia role of bacteriain causing thisresponse.
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Table 2. Stressor-response characteristicsof Acroporid coralsin the Caribbean.

STRESSORS Susceptibility Effects Spatial Extent Resilience Effect Pathway

Diseases / Pathogens

White Band Disease High Lethal Regional Low Direct

Patchy Necrosis / White High Partial Local - Regional Medium - Direct

Pox High

Bleaching * Low - High  Partial - Lethal Local - Regional Low Direct

Physical Damage

Storms High Minimum - Local - Regional Low - High Direct

Lethal

Groundings / Anchor Medium- High Minimum - Local Medium - Direct

Damage Lethal High

Competitors

Snails (Coralliophila  Low - High  Partial - Lethal Local Depends on  Direct

abbreviata) (depend on extent of

population predation

Fireworms Low - Medium Partial Local Medium Direct

(Hermodice

carunculata)

Danselfishes Low - Medium Partial Local Medium Direct + Indirect (algal
competition)

Parrotfish Low - Medium Partial Local Low Direct + Indirect (algal

(Sparisomaviride) ~ (depend on competition)

population
Bioeroders Low - Medium Partial Local Medium-  Direct
High

Sea Urchins Low Minimum Local High Direct + Indirect
(fragmentation)

Clionid Sponges High Lethal Local - Regional Low Direct

Macroalgae Medium Partial - Lethal Local - Regional Medium Direct + Indirect
(recruitment)

Temperature Unknown Lethal at Local-Regional ~ Low at Direct +Indirect

extremes extremes (bleaching)

Irradiance Unknown  Unknown Local - Regional Unknown  Direct (UV) +
Indirect (bleaching)

Reduced Water Medium- High Lethal if Local Unknown  Direct + Indirect

Motion persistent (bleaching)

Siltation Medium Partial Local Medium-  Direct + Indirect

High (recruitment)
Salinity Unknown Unknown Unknown Unknown  Unknown
Nutrients Unknown  Unknown Local Unknown  Direct + Indirect

(recruitment, algal
competition, bioerosion)

Solid Waste Low Partial Local Medium-  Direct
High
Chemicals Unknown Unknown Local - Regional Unknown Direct
(Emerging issue)
Increased CO2 Unknown  Unknown Regional Unknown  Indirect (calcification)

(Emerging issue)
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Table 3. Potential benefits and consequences of fragmentation and asexual
reproduction of Acroporid species in the Caribbean.

POTENTIAL BENEFITSOF FRAGMENTATION

. RAPID SPACE MONOPOLIZATION

. REPRODUCTION IN ISOLATION (NO CROSSING)
. HIGH SURVIVORSHIP OF PROPAGULES

. REDUCED SEASONALITY

. INCREASED LOCAL ABUNDANCE

. INCREASED BIOMASS (AFTERREGROWTH)

. COMPETITIVEADVANTAGE

. EXPANDED HABITAT SUITABILITY

. REEF EXPANSION / CREATION OF PRIMARY SPACE
* AVOIDANCEOF SIZE/SHAPELIMITATIONS

«  AVOIDANCE OF SENESCENCE

. INCREASED GENET SURVIVORSHIP

POTENTIAL CONSEQUENCES OF FRAGMENTATION

. TISSUELOSSES

. LESION FORMATION

. REDUCED AVERAGE SIZE OF RAMETS

. REDUCED GROWTH RATES

. INCREASED MORTALITY RATES

. INCREASED SUSCEPTIBILITY TO STRESSORS
. INCREASED BIOEROSION

. REDUCED SEXUAL REPRODUCTIVEOUTPUT
. REDUCED PROPAGATION CAPABILITIES

. REDUCED GENETICDIVERSITY
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